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THERAPEUTIC METHODS AND AGENTS FOR DISEASES ASSOCIATED 
WITH DECREASED EXPRESSION OF AOP-1 GENE OR AOP-1 

[0001] This application is a continuation application of International Application No. 
PCT/JP02/01358, filed February 18, 2002, which claims benefit of priority of Japanese 
Application No. 41003/2001, filed February 16, 2001. 

FIELD OF INVENTION 

[0002] The present invention relates to methods for preventing, treating or diagnosing 
diseases, prophylactic or therapeutic agents for diseases, methods for screening materials 
suitable as active ingredients of pharmaceutical preparations, non-human transgenic 
animals, and transformed tissues, etc. 

BACKGROUND OF INVENTION 

[0003] In many diseases, compensatory changes occur in tissue cells with the progress 
of pathology to achieve a temporary equilibrium. In the process of further aggravation of 
pathology, the compensatory mechanism breaks down leading to cellular dysfunction and 
finally cellular death. This cellular dropout makes it more difficult to cure diseases and 
invites unfavorable prognosis or recurrence. Especially in the therapy of diseases in non- 
regenerative organs such as heart, brain and kidney, it is important to suppress cellular 
necrosis/ dropout. 

(1) Heart diseases 

[0004] a. Heart failure: Heart failure is defined as a condition in which the heart cannot 
maintain an adequate cardiac output to various organs due to reduced myocardial 
contractility. As a preliminary stage to heart failure, compensatory remodeling occurs in 
the heart for the purpose of maintaining normal systemic circulation. At this stage, 
cardiac myocytes continuously enlarge and grow to maintain a high cardiac pumping 
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pressure as well as cardiac output; but at the same time fibrosing in cardiac tissue advances 
to increase a load imposed on contracted cells. When the balance between the load on 
cardiac myocytes and compensation by enlargement reaches a limit, heart function breaks 
down leading to heart failure. It is known that contractility is lowered in cardiac myocytes 
under heart failure condition (Am J Physiol 1997 Vol. 273(1 Pt 2), H183-91). 
Conventional therapies for chronic heart failure involve administering cardiac stimulants 
that increase myocardial contractility such as digitalis and xanthine drugs after a patient 
falls into heart failure condition or fails to be able to lead a normal daily life. However, 
these drugs have been shown to promote cellular death, and to cause a deterioration in 
survival rates due to overconsumption of myocardial energy during prolonged 
administration. Recently, therapies with (3-blockers and ACE inhibitors have been 
prevailing that reduce overload on the heart by the inhibition of the sympathetic nervous 
system and the inhibition of the renin-angiotensin system, respectively, that are activated 
at the compensatory remodeling stage. However, these drugs are less effective for 
patients who already have a heart failure condition, but rather act prophylactically against 
chronic heart failure because they have an action of mechanism based on preventing 
enlargement of cardiac myocytes. Moreover, the fact that long-term survival rates of 
patients with chronic heart failure have not fully improved even after these drugs came to 
the market suggests a limit to the action of mechanism of these drugs. Therefore, there is 
an urgent need for development of a novel therapeutic agent for chronic heart failure that 
is able to improve both quality of life and survival rates at the chronic heart failure stage 
after breakdown at the compensatory stage. It would be desirable to develop a novel drug 
for treating cellular death and cellular dysfunction, which are essential causes of the 
breakdown mechanism associated with the transition from the compensatory stage to the 
failure stage. 

[0005] b. Ischemic heart diseases: Ischemic heart diseases are characterized by coronary 
flow failure including angina pectoris and myocardial infarction. For example, angina 
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pectoris is classified into angina pectoris decubitus and angina pectoris of effort. 
Currently, serious cases are surgically treated to physically dilate vessels and then place a 
stent or the like. Relatively mild cases are treated with vasodepressors for treating an 
attack such as nitrates, nitroglycerin and nicorandil. Cholesterol reducers and 
anticoagulant agents are formulated for the purpose of preventing infarction. Thus, 
therapies for acute stage or improving blood circulation are being established. Attack is 
thought to result from the lowered myocardial adaptability due to the accumulation of 
injuries caused by chronic ischemia at the subclinical stage. However, no therapy has 
been established for this phase at present. It would also be desirable to prevent massive 
ischemia from the onset of angina because many cases show transition from angina to 
severe myocardial infarction, but a therapy suitable for this phase has not been found yet, 
either. 

(2) Neurodegenerative diseases 
[0006] Neurodegenerative diseases are characterized by neuronal degeneration, and 
specifically include injuries of the white matter such as cerebral infarction, Alzheimer's 
disease, Parkinson's disease, brain trauma, Huntington's chorea, cerebrovascular dementia, 
motor neuron degeneration and Binswanger's disease. An excessive increase of the 
extracellular level of a neurotransmitter glutamate has been commonly found in cerebral 
infarction, cerebrovascular dementia, brain trauma, Alzheimer's disease, motor neuron 
degeneration, Parkinson's disease, etc. (Eur J Neurosci 2000 Vol. 12(8), 2735-45; Brain 
Res 1994 Vol. 1 1, No. 642(1-2), 1 17-122; Acta Neurochir Suppl. 2000 Vol. 76, 437-8; 
Neurosci Lett 2001 Vol. 299(1-2), 37-40; J Neurosci Res 2001 Vol. 63(5), 377-87; Drugs 
Aging 2001 Vol. 18(10), 717-24). This excessive glutamate stimulates glutamate receptors 
(NMDA receptors) on the surfaces of neurons to induce excessive neural excitation. It is 
widely accepted that this excessive neural excitation induces breakdown of intracellular 
ionic environments to cause cellular death. Currendy used therapeutic agents for cerebral 
infarction such as antiplatelet drugs and thrombolytic agents are intended to reopen and 
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maintain blood flow, but any therapy having a protective effect on neurons themselves 
has not been established. NMDA receptor antagonists, glutamate release inhibitors and 
active oxygen scavengers are being developed as therapeutic agents at a testing stage, but 
have not been verified for their efficacy. Choline esterase inhibitors were recendy 
approved as therapeutic agents for Alzheimer's disease, but they have a mechanism based 
on improving learning function by promoting intercellular signal transduction rather than 
direcdy suppressing neuronal death. It would be desirable to develop a therapeutic agent 
having an action mechanism based on neuronal protection as an effective therapy for a 
series of neurodegenerative diseases. 

(3) Rheumatism 

[0007] Among rheumatic diseases, rheumatoid arthritis is chronic arthritis characterized 
by continuous proliferation of articular synovial membranes and said to be caused by 
autoimmunization. It is thought that aging and hereditary predisposition are combined 
with environmental factors to form complex risk factors inducing immunization against 
autoantigens after some articular inflammation such as infectious diseases. In advanced 
rheumatoid arthritis, not only cartilage destruction and bone destruction but also 
chondroblast death and osteoblast death have been reported (Arthritis Rheum 1999 Vol. 
42(7), 1528-37; Z Rheumatol 2000 Vol. 59, Suppl. 1, 10-20). The disease seems to enter 
into an irreversible stage upon chondroblast and osteoblast death. Current therapies are 
based on immunosuppression using steroid or non-steroid drugs, but their therapeutic 
effects are neither sustained nor radical. Thus, it would be desirable to develop a novel 
therapeutic agent having a mechanism based on the protection of joints, osteoblasts and 
chondroblasts. 
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(4) Renal diseases 

[0008] Among renal diseases, chronic renal failure is characterized by injury to glomeruli 
and renal tubules in the kidney, and specifically includes diabetic nephropathy, 
hypertensive nephropathy, lupus nephropathy, etc. Abnormal functions in glomeruli 
serving to filter waste products in blood, and in renal tubules serving to reabsorb filtrate 
from urine, result from cellular injury caused by glycoproteins derived from hyperglycemia, 
cellular injury by hypertensive circulation failure and autoimmune chronic nephritis. An 
effective therapy for chronic renal failure has not been found at present, and symptomatic 
therapies are applied such as steroid or non-steroid drugs for inflammation such as lupus 
nephritis and antihypertensives for hypertensive renal failure. It would be desirable at 
present to provide a drug directly acting on glomerular cells and tubular cells to protect 
them. 

(5) Hepatic diseases 

[0009] Hepatic diseases progress to cirrhosis and hepatic failure via viral, alcoholic and 
drug-induced hepatitis. Symptomatic therapies therefor include ursodeoxycholic acid, 
glycyrrhizin drugs and herbal medicine. Interferon therapy is a causal therapy for viral 
hepatitis, but has strong side effects and insufficient therapeutic effect. It can be said that 
hepatic failure such as cirrhosis is caused by chronic overs tress on the liver, which is 
originally a regenerative organ but fails to regenerate hepatic function. Thus, protection 
of hepatic cells may be clearly effective for preventing hepatic failure. However, an 
effective therapy with few side effects has not been found at present. 

[0010] On the other hand, AOP-1 gene was identified as a factor whose expression level 
increases when mouse erythroleukemia cells are induced by DMSO to differentiate (Gene 
1989 Vol. 80, 337-343: initially named MER-5, and later AOP-1). Subsequendy, AOP-1 
protein was found to belong to the peroxiredoxin family and became to be commonly 
called peroxiredoxin 3 (PRx3) in the literature (AOP-1 protein is hereinafter referred to as 

-5- 



PATENT APPLICATION 
Attorney Docket No. 58777.000012 



AOP-1). The peroxiredoxin family is a class of proteins characterized by thiol- specific 
antioxidant activity by biochemical analysis using purified proteins (Proc. Nad. Acad. Sci. 
USA 1994 Vol. 91, 7017-7021) and widely conserved from prokaryotes to higher 
organisms including human. Recendy, analysis using bacterial peroxiredoxin showed that 
peroxiredoxins are capable of scavenging peroxynitrite (Nature 2000 vol. 407, No. 14, 
211). In the peroxiredoxin family, AOP-1 is distinguished from other peroxiredoxins in 
that it is localized in mitochondria (Methods in enzymology, vol. 300). Superoxide 
dismutase (SOD) and catalase that are widely known as antioxidant proteins do not 
demand the thiol group for producing antioxidant activity and they cannot scavenge 
peroxynitrite, so that the peroxiredoxin family is also expected to differ in physiological 
functions from SOD and catalase. Recendy, protective effect against hydrogen peroxide 
injury in cultured thyroid cells was found as a physiological function of peroxiredoxin type 
1 and type 2 localized in the cytoplasm (J. Biological Chemistry 2000 Vol. 275, No. 24, 
18266-18270), but a physiological function of AOP-1 (peroxiredoxin type 3) localized in 
mitochondria has not been found. The direct relation of the peroxiredoxin family 
including AOP-1 to any disease has not been shown, either. 

[0011] The present invention aims to provide a method for preventing, treating or 
diagnosing diseases associated with decreased expression of AOP-1 gene or AOP-1 such 
as heart diseases (chronic heart failure, ischemic heart failure, ischemic heart diseases, etc.), 
neurodegenerative diseases (cerebral infarction, Alzheimer's disease, Parkinson's disease, 
brain trauma, Huntington's chorea, cerebrovascular dementia, motor neuron degeneration, 
Binswanger's disease, etc.), rheumatism (rheumatoid arthritis, etc.), renal diseases (renal 
failure, etc.), hepatic diseases (hepatitis, cirrhosis, hepatic failure, etc.), a prophylactic or 
therapeutic drug for these diseases, a method for screening a material suitable as an active 
ingredient of said drug, a non-human transgenic animal and transformed tissue in which 
the expression of AOP-1 gene is suppressed or deleted, etc. 
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SUMMARY OF INVENTION 

The present invention relates to: 
[0012] (1) a prophylactic or therapeutic method for a disease associated with decreased 
expression of AOP-1 gene or AOP-1, comprising (1) transfecting a nucleic acid encoding 
AOP-1 or a nucleic acid encoding a polypeptide having an addition, deletion or 
substitution of one or more amino acids as compared with the amino acid sequence of 
AOP-1 while retaining the function of AOP-1, or (2) administering a material enhancing 
the expression of AOP-1 gene, a material enhancing the production of AOP-1 or a 
material enhancing the function of AOP-1, or (3) administering AOP-1 protein or a 
polypeptide having an addition, deletion or substitution of one or more amino acids as 
compared with the amino acid sequence of AOP-1 while retaining the function of AOP-1; 
as used herein, AOP-1 gene means AOP-1 mRNA unless otherwise specified though 
AOP-1 gene usually means to contain nucleic acid sequences encoding AOP-1 (exon 
sequences) and intervening nucleic acid sequences (intron sequences) and nucleic acid 
sequences regulating the transcription of AOP-1 gene; 

[0013] (2) the prophylactic or therapeutic method as defined in (1) above comprising 
transfecting a nucleic acid for AOP-1 gene or a nucleic acid encoding a polypeptide 
having an addition, deletion or substitution of one or more amino acids as compared with 
the amino acid sequence of AOP-1 while retaining the function of AOP-1 into cells of an 
affected tissue; 

[0014] (3) the prophylactic or therapeutic method as defined in (1) above comprising 
administering a material enhancing the expression of AOP-1 gene; 

[0015] (4) the prophylactic or therapeutic method as defined in (1) above comprising 
administering a material enhancing the production of AOP-1; 

[0016] (5) the prophylactic or therapeutic method as defined in (4) above wherein the 
material enhancing the production of AOP-1 is a nucleic acid encoding AOP-1 or a 
nucleic acid encoding a polypeptide having an addition, deletion or substitution of one or 
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more amino acids as compared with the amino acid sequence of AOP-1 while retaining 
the function of AOP-1; 

[0017] (6) the prophylactic or therapeutic method as defined in (1) above comprising 
administering a material enhancing the function of AOP-1; 

[0018] (7) the prophylactic or therapeutic method as defined in any one of (1) to (6) 
above wherein the disease associated with decreased expression of AOP-1 gene or AOP-1 
is chronic heart failure, ischemic heart failure, ischemic heart disease, rheumatoid arthritis, 
neurodegenerative disease, hepatic disease or renal failure; 

[0019] (8) a prophylactic or therapeutic agent for a disease associated with decreased 
expression of AOP-1 gene or AOP-1, comprising as an active ingredient (1) a nucleic acid 
encoding AOP-1 or a nucleic acid encoding a polypeptide having an addition, deletion or 
substitution of one or more amino acids as compared with the amino acid sequence of 
AOP-1 while retaining the function of AOP-1, or (2) a material enhancing the expression 
of AOP-1 gene, a material enhancing the production of AOP-1 or a material enhancing 
the function of AOP-1, or (3) AOP-1 protein or a polypeptide having an addition, 
deletion or substitution of one or more amino acids as compared with the amino acid 
sequence of AOP-1 while retaining the function of AOP-1; 

[0020] (9) the prophylactic or therapeutic agent as defined in (8) above comprising as an 
active ingredient a nucleic acid for AOP-1 gene or a nucleic acid encoding a polypeptide 
having an addition, deletion or substitution of one or more amino acids as compared with 
the amino acid sequence of AOP-1 while retaining the function of AOP-1; 
[0021] (10) the prophylactic or therapeutic agent as defined in (8) above comprising as 
an active ingredient a material enhancing the expression of AOP-1 gene; 
[0022] (11) the prophylactic or therapeutic agent as defined in (8) above comprising as 
an active ingredient a material enhancing the production of AOP-1; 
[0023] (12) the prophylactic or therapeutic agent as defined in (1 1) above wherein the 
material enhancing the production of AOP-1 is a nucleic acid encoding AOP-1 or a 
nucleic acid encoding a polypeptide having an addition, deletion or substitution of one or 
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more amino acids as compared with the amino acid sequence of AOP-1 while retaining 
the function of AOP-1; 

[0024] (13) the prophylactic or therapeutic agent as defined in (8) above comprising as 
an active ingredient a material enhancing the function of AOP-1; 

[0025] (14) the prophylactic or therapeutic agent as defined in any one of (8) to (13) 
above wherein the disease associated with decreased expression of AOP-1 gene or AOP-1 
is chronic heart failure, ischemic heart failure, ischemic heart disease, rheumatoid arthritis, 
neurodegenerative disease, hepatic disease or renal failure; 

[0026] (15) a diagnostic method for a disease associated with decreased expression of 
AOP-1 gene or AOP-1, comprising determining the expression level of AOP-1 gene or 
the production level of AOP-1 to make a diagnosis based on the expression level or 
production level; 

[0027] (16) the diagnostic method as defined in (15) above wherein the disease 
associated with decreased expression of AOP-1 gene or AOP-1 is chronic heart failure, 
ischemic heart failure, ischemic heart disease, rheumatoid arthritis, neurodegenerative 
disease, hepatic disease or renal failure; 

[0028] (17) a diagnostic agent or diagnostic kit for a disease associated with decreased 
expression of AOP-1 gene or AOP-1, comprising a means for determining the expression 
level of AOP-1 gene or the production level of AOP-1 as a measure; 
[0029] (18) the diagnostic agent or diagnostic kit as defined in (17) above wherein the 
disease associated with decreased expression of AOP-1 gene or AOP-1 is chronic heart 
failure, ischemic heart failure, ischemic heart disease, rheumatoid arthritis, 
neurodegenerative disease, hepatic disease or renal failure; 

[0030] (19) a non-human transgenic animal suitable for use as a pathologic model of a 
disease associated with decreased expression of AOP-1 gene or AOP-1 wherein the 
production of AOP-1 is suppressed or the expression of AOP-1 gene is suppressed or 
AOP-1 gene is deleted; 
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[0031] (20) the non-human transgenic animal as defined in claim 19 wherein the disease 
associated with decreased expression of AOP-1 gene or AOP-1 is chronic heart failure, 
ischemic heart failure, ischemic heart disease, rheumatoid arthritis, neurodegenerative 
disease, hepatic disease or renal failure; 

[0032] (21) a transformed tissue or transformed cell suitable for use as a tissue model or 
a cell model of a disease associated with decreased expression of AOP-1 gene or AOP-1 
wherein the production of AOP-1 is suppressed or the expression of AOP-1 gene is 
suppressed or AOP-1 gene is deleted; 

[0033] (22) the transformed tissue or transformed cell as defined in (21) above wherein 
the disease associated with decreased expression of AOP-1 gene or AOP-1 is chronic 
heart failure, ischemic heart failure, ischemic heart disease, rheumatoid arthritis, 
neurodegenerative disease, hepatic disease or renal failure; 

[0034] (23) a method for screening at least one selected from the group consisting of a 
material enhancing the expression of AOP-1 gene, a material enhancing the production of 
AOP-1 or a material enhancing the function of AOP-1, comprising administering or 
adding a synthesized or genetically engineered material or a natural material or a derivative 
thereof to the non-human transgenic animal or transformed tissue or transformed cell as 
defined in any one of (18) to (21) above to detect the expression level of AOP-1 gene or 
the production level of AOP-1; 

[0035] (24) a method for screening at least one selected from the group consisting of a 
material enhancing the expression of AOP-1 gene, a material enhancing the production of 
AOP-1 or a material enhancing the function of AOP-1, comprising contacting a 
synthesized or genetically engineered material or a natural material or a derivative thereof 
with (1) a transformed cell or an in vitro expression system having a transcriptional 
regulatory region of AOP-1 gene and AOP-1 gene or a reporter gene to detect the 
expression level of AOP-1 gene or the reporter gene or with (2) AOP-1 or a target 
molecule of AOP-1 to detect the amount of AOP-1 or the target molecule of AOP-1; 
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[0036] (25) the screening method as defined in (24) above comprising constructing an 
expression vector having a transcriptional regulatory region of AOP-1 gene linked 
upstream or downstream of the translation region of a reporter gene, then culturing a 
suitable host cell trans fected with said vector, adding a synthesized or genetically 
engineered material or a natural material or a derivative thereof to the cultured cell and 
detecting changes in the expression level of the reporter gene or the production level of 
the reporter protein after a given period; 

[0037] (26) the screening method as defined in (24) above comprising contacting a 
synthesized or genetically engineered material or a natural material or a derivative thereof 
with AOP-1 or a target molecule of AOP-1 to detect the amount of AOP-1 or the target 
molecule of AOP-1 bound or unbound to said material; 

[0038] (27) the screening method as defined in (24) above comprising immobilizing 
AOP-1 or a target molecule of AOP-1 on a substrate and adding a synthesized or 
genetically engineered material or a natural material or a derivative thereof and AOP-1 or 
target molecule of AOP-1 to the immobilized AOP-1 or target molecule of AOP-1 to 
detect the amount of AOP-1 or the target molecule of AOP-1 bound or unbound; 
[0039] (28) the screening method as defined in (24) above comprising immobilizing a 
synthesized or genetically engineered material or a natural material or a derivative thereof 
on a substrate and adding AOP-1 or a target molecule of AOP-1 to the immobilized 
material to detect the amount of AOP-1 or the target molecule of AOP-1 bound or 
unbound; 

[0040] (29) a method for screening a material enhancing the function of AOP-1, 
comprising contacting a synthesized or genetically engineered material or a natural 
material or a derivative thereof with AOP-1 or a target molecule of AOP-1 to determine 
the antioxidant or peroxynitrite scavenging activity of AOP-1; 
[0041] (30) the screening method as defined in (29) above comprising adding a 
synthesized or genetically engineered material or a natural material or a derivative thereof 
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and AOP-1 or a target molecule of AOP-1 to AOP-1 or the target molecule of AOP-1 to 
determine the antioxidant or peroxynitrite scavenging activity of AOP-1; 
[0042] (31) the screening method as defined in (29) above comprising immobilizing 
AOP-1 or a target molecule of AOP-1 on a substrate and adding a synthesized or 
genetically engineered material or a natural material or a derivative thereof and AOP-1 or 
the target molecule of AOP-1 to the immobilized AOP-1 or target molecule of AOP-1 to 
determine the antioxidant or peroxynitrite scavenging activity of AOP-1; 
[0043] (32) the screening method as defined in (29) above comprising immobilizing a 
synthesized or genetically engineered material or a natural material or a derivative thereof 
on a substrate and adding AOP-1 or a target molecule of AOP-1 to the immobilized 
material to determine the antioxidant or peroxynitrite scavenging activity of AOP-1; 
[0044] (33) a use of (1) a nucleic acid for AOP-1 gene or a nucleic acid encoding a 
polypeptide having an addition, deletion or substitution of one or more amino acids as 
compared with the amino acid sequence of AOP-1 while retaining the function of AOP-1, 
or (2) a material enhancing the expression of AOP-1 gene, a material enhancing the 
production of AOP-1 or a material enhancing the function of AOP-1, or (3) AOP-1 
protein or a polypeptide having an addition, deletion or substitution of one or more 
amino acids as compared with the amino acid sequence of AOP-1 while retaining the 
function of AOP-1, for the preparation of a prophylactic or therapeutic method for a 
disease associated with decreased expression of AOP-1 gene or AOP-1; 
[0045] (34) the use as defined in (33) above comprising as an active ingredient a nucleic 
acid for AOP-1 gene or a nucleic acid encoding a polypeptide having an addition, deletion 
or substitution of one or more amino acids as compared with the amino acid sequence of 
AOP-1 while retaining the function of AOP-1; 

[0046] (35) the use as defined in (33) above comprising as an active ingredient a material 
enhancing the expression of AOP-1 gene; 

[0047] (36) the use as defined in (35) above wherein the material enhancing the 
production of AOP-1 is a nucleic acid encoding AOP-1 or a nucleic acid encoding a 
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polypeptide having an addition, deletion or substitution of one or more amino acids as 
compared with the amino acid sequence of AOP-1 while retaining the function of AOP-1; 
[0048] (37) the use as defined in (33) above comprising as an active ingredient a material 
enhancing the production of AOP-1; 

[0049] (38) the use as defined in (33) above comprising as an active ingredient a material 
enhancing the function of AOP-1; and 

[0050] (39) the use as defined in any one of (33) to (38) above wherein the disease 
associated with decreased expression of AOP-1 gene or AOP-1 is chronic heart failure, 
ischemic heart failure, ischemic heart disease, rheumatoid arthritis, neurodegenerative 
disease, hepatic disease or renal failure. 

BRIEF DESCRIPTION OF FIGURES 

[0051] FIG. 1 shows changes in the expression of AOP-1 protein at cardiac 
hypertrophy stage and heart failure stage in various pathologic model rats of chronic heart 
failure. 

[0052] FIG. 2 shows changes in the expression of AOP-1 gene at cardiac hypertrophy 
stage and heart failure stage in various pathologic model rats of chronic heart failure. 
[0053] FIG. 3 shows changes in the expression of AOP-1, TSA, CuZn-SOD, Mn-SOD 
and catalase genes in model rats of chronic heart failure following myocardial infarction. 
[0054] FIG. 4 shows influence of forced expression of AOP-1 gene on cell viability. 
[0055] FIG. 5 shows influence of forced expression of AOP-1 gene on the percentage 
of autonomously pulsating cells. 

[0056] FIG. 6 shows influence of forced expression of AOP-1 gene on MTT reducing 
activity. 

[0057] FIG. 7 shows influence of forced expression of antisense AOP-1 gene on 
cultured cardiac myocytes. 

[0058] FIG. 8. FIG. 8a shows the expression level of AOP-1 gene on day 7 post- 
inflammation in a nephritis model as compared with a normal control; FIG. 8b shows the 
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expression levels of AOP-1, catalase and CuZn-SOD genes in a neurodegenerative disease 
model induced by microinjection of ibotenic acid as compared with normal controls. 
[0059] FIG. 9 shows the expression level of AOP-1 gene in an infectious hepatitis 
model as compared with a normal control. 

[0060] FIG. 10 shows the protective effect of forced expression of AOP-1 gene on 
glutamate injury in cultured neurons. 

[0061] FIG. 11 shows the neurite outgrowth promoting/ protecting effect of forced 
expression of AOP-1 gene on cultured neurons. 

[0062] FIG. 12. FIG. 12a shows the viabilities of cells transfected with AOP-1, TSA 
and CuZn-SOD under hypoxia; FIG. 12b shows the viabilities of cells transfected with 
AOP-1, TSA and CuZn-SOD under exposure to hydrogen peroxide; and FIG. 12c shows 
the viabilities of cells transfected with AOP-1, TSA and CuZn-SOD under high-glucose 
condition. 

[0063] FIG. 13. FIG. 13a shows the heart function protective effect of AOP-1 in 
ischemic reperfusion; FIG. 13b shows the ischemic rigidity suppressing effect of AOP-1 
in ischemic reperfusion; and FIG. 13c shows myocardial necrosis suppressing effect of 
AOP-1 in ischemic reperfusion. 

[0064] FIG. 14. FIG. 14a shows that the PTBBS level was lowered as a result of the 
protection of neurons by AOP-1; and FIG. 14b shows that viable neurons increased as 
compared with a control as a result of the protection of neurons by AOP-1. The arrows 
in FIG. 14b indicate injured sites in the control group and the counterparts in the group 
transfected with AOP-1 gene. 

[0065] FIG. 15. FIG. 15a shows changes in blood urea nitrogen levels with time in 
various groups; FIG. 15b shows that AOP-1 suppressed the increase of blood urea 
nitrogen level on day 7 post-inflammation; and FIG. 15c shows renal tissue images on day 
28 post-inflammation to demonstrate that AOP-1 protected renal tubules and glomeruli. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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[0066] As used herein, "function of AOP-1" refers to the effect of activating/ protecting 
organs and cells such as metabolic activation of heart/ myocytes, protection of functions 
of heart/myocytes, suppression of heart/myocardial cellular death, activation of neurons, 
suppression of neuronal death and protection of renal function. Thus, the expression 
"having the function of AOP-1" as used herein means having the effect of 
activating/protecting organs and cells. Whether or not a material "has the function of 
AOP-1" is determined by various methods described in the section (6) Screening methods 
and in the examples below. 

[0067] As used herein, "heart disease" means heart failure (including chronic heart 
failure, ischemic heart failure, diabetic heart failure, etc.), ischemic heart disease (including 
angina, myocardial infarction, etc.), etc. As used herein, "neurodegenerative disease" 
means cerebral infarction, Alzheimer's disease, Parkinson's disease, brain trauma, 
Huntington's chorea, cerebrovascular dementia, motor neuron degeneration, Binswanger's 
disease, etc. As used herein, "rheumatism" includes chronic rheumatoid arthritis, etc. As 
used herein, "renal disease" means renal failure such as diabetic nephropathy, 
hypertensive nephropathy, lupus nephropathy, etc. As used herein, "hepatic disease" 
means hepatitis (including viral hepatitis, alcoholic hepatitis and drug-induced hepatitis), 
cirrhosis, hepatic failure, etc. 

[0068] We performed a series of experiments in order to find common causes of 
inducing cellular dysfunction or cellular death which is a common phenomenon in heart 
disease, neurodegenerative disease, rheumatism, renal disease and hepatic disease. 

(1) Heart diseases 

[0069] In order to investigate the cause of breakdown at the compensatory stage in 
chronic heart failure, changes in the expression of various proteins in tissues with the 
progress from heart hypertrophy to chronic heart failure were first determined. A mixed 
protein solution in tissue extracts was separated into crude fractions consisting of a water- 
soluble fraction and a surfactant-soluble fraction, each of which was then analyzed by 
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two-dimensional electrophoresis. Aortostenotic rats (heart pressure overload model), 
arteriovenous shunt rats (heart volume overload model), hereditary hypertensive rats 
(SHR) and Dahl salt- sensitive rats were used as pathologic models of chronic heart failure 
for comparative analysis. The proteins varying in the expression level with breakdown at 
the compensatory stage commonly in many models were searched to find common 
proteins related to chronic heart failure. Among them, AOP-1 protein was found to be 
decreased in expression with breakdown at the compensatory stage. 

[0070] Gene expression analysis was performed to study whether or not changes in said 
protein with the progress of chronic heart failure result from any regulation at the level of 
gene expression. As a result, all the models tested showed suppressed expression of the 
gene, indicating that the decrease of AOP-1 with the progress of chronic heart failure 
results from the regulation of gene expression. Gene expression analysis using heart 
failure rats following myocardial infarction as an ischemic chronic heart failure model also 
showed suppressed expression of the gene. Thus, decreased expression of AOP-1 gene 
and therefore a decrease of AOP-1 was commonly found in chronic heart failure of a 
wide variety of causes. Analysis of changes in the gene expression of type 2 peroxiredoxin 
thiol-specific antioxidant (TSA) and the expression of CuZn-superoxide dismutase 
(CuZn-SOD), Mn-superoxide dismutase (Mn-SOD) and catalase genes having common 
antioxidant activity showed no change in the gene expression level of TSA, CuZn-SOD, 
Mn-SOD and catalase. Thus, AOP-1 was found to characteristically decrease expression 
with the transition to the heart failure stage among typical antioxidant proteins in the 
peroxiredoxin family. This shows that AOP-1 gene undergoes a different gene regulation 
from other antioxidant proteins. 

[0071] Then, we tested whether or not AOP-1 has some effect on the improvement or 
aggravation of heart function. We began by isolating the full-length gene of rat AOP-1 
gene to construct a suitable expression vector, and then transfected the AOP-1 gene into 
cultured rat cardiac myocytes. AOP-1 gene-trans fected group was tested under the 
following experimental conditions: cells were cultured without oxygen (hypoxia), or 
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cultured under hypoxia followed by reperfusion for a period (reper fusion), or cultured 
under normal oxia (untreated). In view of the influence of forced gene expression and 
protein production, control group transfected with E. coli (5-galactosidase gene, which 
does neither harm nor good, was tested in parallel and comparative analyses were 
performed between both groups. Comparative method 1 involves counting the number 
of viable cells, comparative method 2 involves counting the number of autonomously 
pulsating cells among viable cells, and comparative method 3 involves confirming the 
number of viable cells and cellular metabolic activity according to the MTT assay (J. 
Immunol. Methods 1983 Vol. 65, 55-63). These three comparative analyses showed that 
the number of viable cells under hypoxia and reperfusion as well as the number of 
autonomously pulsating cells significantly increased in the AOP-1 gene transfected group 
as compared with the control group. In the MTT assay, the AOP-1 gene transfected 
group showed high levels under hypoxia, reperfusion and normal oxia as compared with 
the control group, indicating an increase in the number of viable cells during injury and an 
increase in metabolic activity during injury and normal states. Thus, it was found that 
AOP-1 shows high efficacy in both cell viability and cell function maintenance against 
hypoxic injury and reperfusion injury. We further constructed an adenovirus vector for 
expressing antisense AOP-1 (antisense AOP-1 vector) designed to express a 
complementary strand to AOP-1 gene. Generally, it has been reported that the rnRNA 
expressed from this type of vector complementarily binds to rnRNA expressed from 
endogenous AOP-1 gene to inhibit translation into a protein (Gene 1990 Vol. 91, 261- 
265). We cultured cardiac myocytes transfected with antisense AOP-1 vector, AOP-1 
expression vector and (3-galactosidase expression vector for 3 days in parallel with 
untransfected cells. The MTT assay was performed on each group to reveal that 
chromogenesis was suppressed in cells transfected with antisense AOP-1 vector and the 
number of viable cells macros copically decreased. Thus, the suppressed expression of the 
endogenous AOP-1 by antisense AOP-1 vector adversely affected cell viability. In order 
to further directly compare the efficacy of AOP-1, TSA and CuZn-SOD in cellular 
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protection effect, we constructed adenovirus vectors capable of forced expression of 
these genes. These vectors were transfected into rat cardiac myocytes to increase the 
respective proteins and the resistance to the following stresses was analyzed. As a result, 
AOP-1 showed the most effective cellular protective effect against stresses of hydrogen 
peroxide, hypoxia and high glucose. This suggests that AOP-1 plays an especially 
important role in the cell maintenance mechanism. The finding of a cellular protective 
effect on high glucose injury suggests that AOP-1 may be effective for diabetic heart 
diseases (diabetes -induced heart failure and ischemic heart disease (angina, myocardial 
infarction, etc.)). 

[0072] These results show that the decrease of AOP-1 in various heart diseases is a 
major cause of breakdown of compensatory mechanism (pathologic aggravation). 
[0073] It should be especially noted that AOP-1 can protect against not only active 
oxygen-induced injury during reperfusion but also various hypoxic injuries such as energy 
depletion injury and intracellular oxygenation injury and that it even activated cellular 
metabolic function under normal oxia. Thus, it was strongly suggested that the cellular 
function protective effect and cellular death suppression effect of AOP-1 are based on 
not only antioxidant activity but also a new function including cellular metabolic 
activation (mitochondrial activation). This new function of AOP-1 (i.e., mitochondrial 
activation) has never been found in any other antioxidant proteins. Thus, this is a novel 
and specific function of AOP-1. 

[0074] We further injected AOP-1 gene into the heart and performed the following 
analyses with the purpose of testing whether or not AOP-1 shows a protective effect in 
vivo. As soon as the protein was expressed after the gene was injected, the heart was 
rapidly isolated and connected to a perfusion device. The isolation-induced injury was 
controlled by perfusing the heart with a solution containing a gas in an amount equivalent 
to that of blood to try to maintain heart function under conditions as found in vivo. 
Perfusion was temporarily stopped to turn this heart into an ischemic state and then 
resumed to study the influence of reperfusion. In the heart with forced expression of 
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AOP-1, ischemic rigidity during ischemia was significantly retarded and a significantly 
better functional recovery was shown during reperfusion as well as a significant cellular 
necrosis suppressing effect during reperfusion as compared with the negative control 
heart (sham). Ischemic rigidity is shown to highly correlate to ATP depletion in cardiac 
myocytes (J Mol Cell Cardiol 1996, Vol. 28, 1045-1057). The AOP-1 mediated 
prolongation of the time from ischemia to ischemic rigidity shows that the mitochodrial 
activation of AOP-1 found by us in cultured cardiac myocytes also works in vivo in the 
heart. This result showed that AOP-1 protects against both ischemic injury and 
reperfusion injury not only in cultured cells but also in vivo via novel mitochondrial 
activation in addition to antioxidation. Thus, it was shown that trans fection of AOP-1 
gene or aclministration of a material enhancing the expression of AOP-1 or the function 
of AOP-1 provides effective therapy for ischemic heart failure and ischemic heart disease. 
As hypertrophy-induced circulation failure in the myocardial tissue is reported in not only 
ischemic heart failure and ischemic heart disease but also chronic heart failure (Chin. Med. 
Sci. J. 1995 Vol. 10(3), 151-157), ischemia and ischemic reperfusion seem to be common 
causes of injury in pathologies of chronic heart failure. Therefore, administration of the 
protein to the pathologic heart showing chronic heart failure or a sign of chronic heart 
failure is expected to be an effective therapy for chronic heart failure by protecting against 
myocardial cellular death and keeping the heart pulsating function. 

(2) Affected organs other than heart 
[0075] Then, gene expression analysis was performed in other affected organs for the 
purpose of investigating whether or not the function of AOP-1 is responsible for 
pathogenesis in organs other than heart. The result showed that the expression of AOP-1 
also decreases in the kidney of a nephritis model, the brain in a neurodegenerative disease 
model, and the liver in an infectious hepatitis (septic shock) model. This strongly 
suggested that decreased expression of AOP-1 commonly contributes to 
pathologenesis/aggravation in many diseases. AOP-1 gene showed decreased expression 
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in not only the heart failure model but also the brain tissue of the neurodegenerative 
disease model in contrast to CuZn-SOD and catalase genes which showed no change in 
expression. This demonstrated that the expression of AOP-1 gene also undergoes a 
different regulation from other antioxidant proteins in diseases of organs other than heart. 

a. Neurodegenerative diseases 
[0076] An increase of the extracellular glutamate level induces excessive activation of 
glutamate receptors (NMDA receptors) in cerebral infarction, cerebrovascular dementia, 
brain trauma, Alzheimer's disease, motor neuron degeneration, Parkinson's disease, etc. 
(Eur J Neurosci 2000 Vol. 12(8), 2735-45; Brain Res 1994 Vol. 11, No. 642(1-2), 117-122; 
Acta Neurochir Suppl. 2000 Vol. 76, 437-8; Neurosci Lett 2001 Vol. 299(1-2), 37-40; J 
Neurosci Res 2001 Vol. 63(5), 377-87; Drugs Aging 2001 Vol. 18(10), 717-24). Cells 
stimulated by the activation of NMDA receptors open their calcium channels to lead to 
influx of calcium into the cells. Excessive activation of NMDA receptors induces calcium 
overload in cells. This calcium overload results in apoptosis or necrosis of neurons, 
whereby nervous function disorder becomes irreversible. Administration of AOP-1 may 
also be effective for cerebral nerve degeneration because they are also associated with 
decreased expression of AOP-1 as already shown. When AOP-1 was actually tested for 
the protection of glutamate injury in cultured neurons, cellular death was significandy 
suppressed in cells transfected with AOP-1 gene. It was also shown that neurite 
outgrowth is promoted and neuronal network formation is activated under unloaded 
condition. This may be due to the metabolic activation (novel function of AOP-1) caused 
by the overproduction of AOP-1. Thus, AOP-1 was found to be very useful in cell 
protection against calcium overload and neuronal activation in neurons. 
[0077] To verify efficacy in neurodegenerative disease animal models, analyses were 
performed on an ibotenic acid-induced brain damage model. Ibotenic acid is an 

NMDA receptor agonist, which induces excessive intracellular calcium influx to lead to 
neuronal death. After an AOP-1 expression gene was injected into the brain's hippocampus 
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to induce the expression of AOP-1, ibotenic acid was injected into the same site. After 2 
days, the brain was removed and neurons were observed. As compared with a control 
group untransfected with AOP-1 gene, neuronal death was clearly suppressed in the brain 
transfected with AOP-1 gene. Quantitative analysis of the proliferation/infiltration of glial 
cells showed higher suppression as compared with the control group. As the 
proliferation/infiltration of glial cells has been shown to correlate with the amount of 
neuronal death (Journal of Neuroimmunology 2000 Vol. 1009, 105-111; Brain Research 
1991, Vol. 565, 312-320), this result shows that neurons were protected by the transfection 
of AOP-1 gene. Thus, AOP-1 was found to also have a protective effect on neurons in the 
tissue. Therefore, administration of AOP-1 may be effective for neurodegenerative diseases 
such as cerebral infarction, cerebrovascular dementia, brain trauma, Alzheimer's disease, 
motor neuron degeneration, Parkinson's disease, etc. 

b. Renal diseases 

[0078] Administration of AOP-1 may be effective for renal diseases as well as heart 
diseases and neurodegenerative diseases because the renal failure model also showed 
decreased expression of AOP-1 as shown above. To verify the efficacy of AOP-1 gene 
against chronic renal failure, analysis was actually performed on a Thy-1 nephritis model. 
The Thy-1 nephritis model was prepared by injecting an antibody against the Thy-1 cell 
surface antigen (Thy-1) protein specifically expressed in mesangial cells constituting 
glomerular cells to induce autoimmunrzation against Thy-1, leading to cellular death of 
mesangial cells followed by injury in renal tubules. Generally, the Thy-1 nephritis model 
is considered to be a renal failure model primarily involving inflammation. AOP-1 gene 
was injected simultaneously with the Thy-1 antibody and renal function was determined 
over time on the basis of the blood urea nitrogen. Analysis in comparison with a group 
untransfected with AOP-1 showed that renal dysfunction was significantly suppressed in 
the group transfected with AOP-1 gene. Thus, AOP-1 seems to be effective for chronic 
renal failure. 

-21 - 



PATENT APPLICATION 
Attorney Docket No. 58777.000012 



c. Hepatic diseases 

[0079] Hepatic diseases progress to cirrhosis and hepatic failure via viral, alcoholic and 
drug-induced hepatitis. It can be said that hepatic failure such as cirrhosis is caused by 
chronic overstress on the liver, which is originally a regenerative organ but fails to 
regenerate hepatic function. Thus, protection of hepatic cells should be clearly effective 
for preventing hepatic failure. As shown above, a hepatitis model showed decreased 
expression of AOP-1, which suggests that adrninistration of AOP-1 may be effective in 
the same manner as in heart diseases, neurodegenerative diseases and renal diseases. 
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d. Rheumatism 

[0080] In rheumatism, synovial cells differentiated into immune cells and proliferated 
and inflammatory cells in peripheral blood infiltrating into joints induce destruction of 
cartilage/bone to irreversibly destruct joints. Recendy, it has become known that the 
regeneration of cartilages may be hampered by the apoptosis of chondroblasts under the 
stress of peroxynitrite (Arthritis & Rheumatism 1999 Vol. 42, No. 7, 1528-1537; J Agric 
Food Chem. 2001 Vol. 49(8), 3614-21). Analytic results on heart diseases, 
neurodegenerative disease, renal failure and hepatic failure suggest that the expression of 
AOP-1 may be decreased under stress threatening the life of cells. Thus, it is anticipated 
that the expression of AOP-1 may be decreased in chondroblasts and osteoblasts in 
rheumatic pathologies. Mitochondria are deeply involved in the intracellular cascade of 
apoptosis. Decreased mitochondrial function may direcdy trigger apoptosis (General 
Review: Advanced Medicine, Vol. 54, No. 4, 1999). Our analyses showed that AOP-1 has 
a protective effect on various cells and tissues. Administration of AOP-1 to 
chondroblasts and osteoblasts may protect and activate mitochondrial function and 
suppress the death of chondroblasts and osteoblasts. This makes it possible to maintain 
the regenerating ability of cartilage /bone. 

[0081] Consequendy, we found novel AOP-1 functions to related cellular 
protection/ activation such as myocardial cellular metabolic activation, protection of 
myocardial cell function and suppression of myocardial cellular death, neuronal activation 
and suppression of neuronal death. We also found that a<lministration of AOP-1 is 
effective for treating diseases associated with decreased expression of AOP-1 gene or 
AOP-1 such as chronic heart failure, ischemic heart failure, ischemic heart disease, chronic 
renal failure, neurodegenerative disease and rheumatism, and finally achieved the present 
invention. 

[0082] As used herein, "diseases associated with decreased expression of AOP-1 gene 
or AOP-1" refers to those which contain cells showing decreased expression of AOP-1 
gene or AOP-1 in affected tissue (e.g., heart in case of heart failure, neurons in case of 
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btain damage, joints in case of rheumatism). A decrease of AOP-1 is synonymous with 
decreased intracellular AOP-1 function, so that diseases associated with AOP-1 function 
decreased by genetic variation can also be included in the scope of the present invention. 
[0083] The following materials (1) to (4) can be used as active ingredients of 
prophylactic or therapeutic agents for diseases associated with decreased expression of 
AOP-1 gene or AOP-1 according to the present invention. 

(1) Materials having the effect of enhancing the expression of AOP-1 gene 
[0084] Materials having the effect of enhancing the expression of AOP-1 gene may be 
any of synthesized or genetically engineered compounds or natural compounds or 
derivatives thereof, including materials acting on a promoter or enhancer region of AOP- 
1 gene to enhance the transcription of AOP-1 gene into mRNA or materials having a 
similar effect via transcriptional factors or the like in cells (e.g. materials binding to a 
transcriptional factor or a co-activator to promote binding to DNA or another 
transcriptional factor or co-activator, or materials binding to a transcriptional factor or a 
co-activator to inhibit binding to DNA or another transcriptional factor or co-activator). 

(2) Materials having the effect of enhancing the production of AOP-1 

[0085] Materials having the effect of enhancing the production of AOP-1 may be any of 
synthesized or genetically engineered compounds or natural compounds or derivatives 
thereof, including a nucleic acid encoding AOP-1 (RNA or DNA; SEQ ID NOS: 1 to 3) 
or a nucleic acid (RNA or DNA) encoding a polypeptide having an addition, deletion or 
substitution of one or more amino acids as compared with the amino acid sequence of 
AOP-1 while retaining the function of AOP-1. A nucleic acid (RNA or DNA) encoding a 
polypeptide hybridizing to a complementary strand of a nucleic acid encoding AOP-1 
(RNA or DNA; SEQ ID NOS: 1 to 3) under stringent conditions while retaining the 
function of AOP-1 is also included. For example, a nucleic acid hybridizing to it in a 
solution containing 6 x SSC, 0.5% SDS, 10 mM EDTA, 5 x Denhardt's solution, 10 
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mg/ml denatured salmon sperm DNA at 68°C as described in the literature as standard 
methods (Molecular Cloning: A Laboratory Manual, Sambrook et aL, Cold Spring Harbor 
Laboratory Press, 1989) is included. Such a nucleic acid preferably has a sequence identity 
of 90% or more, more preferably 95% or more to a nucleic acid encoding AOP-1 (RNA 
or DNA; SEQ ID NOS: 1 to 3). Other materials such as modified virus vectors 
containing these nucleic acids are also suitable. Suitable examples are virus vectors, 
preferably lentivirus vectors, adeno-associated virus vectors, more preferably adenovirus 
vectors, or chemically synthesized liposomes, virus envelops or complexes of a virus 
envelop and a synthetic liposome containing a nucleic acid sequence integrated with AOP- 
1 gene downstream of a promoter sequence functional in a host cell such as 
cytomegalovirus promoter (CMV promoter). 

[0086] Materials binding to AOP-1 mRNA or proteins or nucleic acids inhibiting the 
degradation of AOP-1 mRNA or materials having the activity of increasing the translation 
efficiency may also be included similarly to the production of TNF-0 known to be 
regulated by the post-transcriptional stability of mRNA and stabilized by binding of HuR 
protein. 

(3) Materials having the effect of enhancing the function of AOP-1 
[0087] AOP-1 scavenges oxidation and peroxynitrite activity by enzymatically reversing 

redox of active site cysteine residue. Materials having the effect of enhancing the function 

of AOP-1 may be any of synthesized or genetically engineered compounds or natural 

compounds or derivatives thereof, including materials binding to this activated cysteine 

residue to promote redox cycle or materials binding to other than active sites of AOP-1 to 

promote redox cycle of active sites by allosteric effect. Materials promoting binding of 

AOP-1 to a target molecule (e.g. receptor) of AOP-1 protein on which AOP-1 protein 

acts or intracellular signal transduction to enhance the activity of AOP-1 protein are also 

suitable. For example, thioredoxin protein is known to bind to AOP-1 to increase 

biochemical antioxidant activity. Materials having efficacy by indirecdy enhancing the 
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function of AOP-1 via inttoduction of proteins enhancing the function of AOP-1 or 
genes thereof or synthetic induction are also suitable. Materials inhibiting the activity of 
proteases specifically degrading AOP-1 are also included. 

(4) AOP-1 proteins and polypeptides having the function of AOP-1 
[0088] In the present invention, AOP-1 proteins per se or polypeptides having an 
addition, deletion or substitution of one or more amino acids as compared with the amino 
acid sequence of AOP-1 while retaining the function of AOP-1 can also be used as active 
ingredients of prophylactic or therapeutic agents for diseases associated with decreased 
expression of AOP-1 gene or AOP-1. 

(5) Pharmaceutical preparations 

[0089] Pharmaceutical preparations containing the materials as described above as active 
ingredients are prepared using carriers or excipients or other additives used for standard 
formulation. 

[0090] Active ingredients of pharmaceutical compositions of the present invention may 
be free or pharmaceutically acceptable salts thereof. Suitable salts include salts with 
inorganic acids such as hydrochloric acid, sulfuric acid and phosphoric acid or salts with 
organic acids such as formic acid, acetic acid, butyric acid, succinic acid and citric acid. 
Salts with metals such as sodium, potassium, lithium and calcium or salts with organic 
bases are also suitable. 

[0091] Preferably, active ingredients are mixed with known pharmacologically 
acceptable carriers, excipients, diluents or the like and administered in a pharmaceutically 
conventional manner such as oral administration or parenteral administration including 
intravenous, intramuscular or subcutaneous administration. Pharmaceutical compositions 
of the present invention can be prepared by, for example, appropriately mixing an active 
ingredient with physiologically acceptable carriers, flavoring agents, excipients, stabilizers, 
diluents, emulsifiers, solubilizing agents, suspending agents, syrups or the like and can be 
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used as tablets, powders, granules, solutions, etc. Tablets can contain additives including, 
for example, binders such as gelatin and lubricants such as cornstarch, or can be coated 
with sugar or a gastric or enteric film. Capsules can be prepared by further including 
liquid carriers in said compositions. Sterile compositions for injection can also be 
prepared by applying conventional formulations. Aqueous solutions for injection include 
isotonic solutions containing glucose or the like and can be combined with suitable 
solubilizers such as polyethylene glycol. They may also contain buffers, stabilizers, 
preservatives, antioxidants, soothing agents and the like. When active ingredients are 
susceptible to degradation in the gastrointestinal tract via oral administration, they can be 
orally administered as formulations less susceptible to degradation in the gastrointestinal 
tract such as microcapsules enclosing active ingredients in liposomes, for example. They 
can also be adsorbed via non-gastrointestinal mucosa such as rectal, nasal or sublingual 
administration. In this case, they can be administered in the form of suppositories, nasal 
sprays or sublingual tablets. 

[0092] For use in gene therapy, known vehicles suitable for gene therapy such as virus 
vectors, preferably lentivirus vectors, adeno-associated virus vectors, more preferably 
adenovirus vectors, or chemically synthesized liposomes, virus envelops or complexes of a 
virus envelop and a synthetic liposome can be used in which AOP-1 gene or a nucleic acid 
for a material enhancing the expression of AOP-1 gene or a material enhancing the 
production of AOP-1 or a material enhancing the function of AOP-1 has been integrated 
downstream of a promoter sequence functional in a host cell such as cytomegalovirus 
promoter (CMV promoter). 

[0093] When pharmaceutical compositions of the present invention are therapeutically 
used, therapeutically effective doses are determined for each case depending on the age 
and the weight of the subject, the severity of the disease and the route of administration 
and other factors. Typically, the oral dose is about 0.1-1000 mg/ adult/ day, which may be 
administered once or divided into several subdoses. 
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(6) Screening methods 
[0094] Materials that can be used as active ingredients of prophylactic or therapeutic 
agents of the present invention can be screened as follows, for example. 
[0095] AOP-1 gene or AOP-1 or derivatives thereof used for screening materials 
enhancing the expression of AOP-1 gene or enhancing the production of AOP-1 may be 
derived from any sources including mammals such as human (AOP-1 gene: SEQ ID NO: 
1, AOP-1: SEQ ID NO: 4), rat (AOP-1 gene: SEQ ID NO: 2, AOP-1: SEQ ID NO: 5) 
and mouse (AOP-1 gene: SEQ ID NO: 3, AOP-1: SEQ ID NO: 6). Among them, those 
derived from human are preferably used for studies /developments of prophylactic or 
therapeutic agents for human. Those derived from animals such as mouse and rat are 
preferably used for studies /developments using animal models, i.e. non-human transgenic 
animals having chronic heart failuredue to suppressed or deleted expression of AOP-1 
gene. However, those derived from human are desirably used for drug screening using 
animal models. 

[0096] Materials enhancing the expression of AOP-1 gene or materials enhancing the 
production of AOP-1 or materials enhancing the function of AOP-1 are generally 
screened by methods using a reporter gene. Suitable reporter genes include, for example, 
chloramphenicol acetyl transferase (CAT), p-galactosidase ((3-Gal) and luciferase. 
Materials enhancing the expression of AOP-1 gene can be screened by, for example, 
constructing an expression vector having an expression regulatory region (promoter, 
enhancer or the like region) of AOP-1 gene linked upstream or downstream of the 
translation region of a reporter gene, transfecting said vector into a suitable culture cell, 
adding a test material to the culture cell (said material may be any of synthesized or 
genetically engineered compounds or natural compounds or derivatives thereof) and 
determining the expression level of the reporter gene or the amount of the reporter 
protein after a given period. The expression regulatory region of AOP-1 gene (promoter, 
enhancer and the like region) can be obtained from commercially available genomic 
libraries by plaque hybridization using a fragment of AOP-1 cDNA as a probe. The 
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amount of the reporter protein can be determined as enzymatic activity or the expression 
level of the protein using antibodies or the like. 

[0097] Materials enhancing the production of AOP-1 include DNA containing an AOP- 
1 sequence or RNA, which can be integrated into a liposome or modified virus vector 
with similar effects. 

[0098] Materials enhancing the function of AOP-1 can also be screened by rnixing 4 
components, i.e. purified AOP-1 or a cell lysate, desirably a mitochondrial fraction and 
hydrogen peroxide and a reducing agent having a thiol group (e.g. dithiothreitol) and a 
monitor enzyme having measurable enzymatic activity, and after a given period, 
determining the activity of the monitor enzyme (Biochemical and Biophysical Research 
Communications 1994 Vol. 199, No. 1, 199-206; Journal of Biological Chemistry 1996 
Vol. 271, No. 26, 15315-15321). Peroxynitrite (obtained by e.g. mixing an acidified nitrite 
and hydrogen peroxide) is screened by mixing 3 components, i.e. purified AOP-1 or a cell 
lysate, desirably a mitochondrial fraction and peroxynitrite and a monitor enzyme having 
measurable enzymatic activity or a substance (e.g. DNA) modified with peroxynitrite, and 
after a given period, deterrriining the activity of the monitor enzyme or the amount of the 
substance modified (Nature 2000 Vol. 407, No. 14, 211-215). Thus, materials enhancing 
the function of AOP-1 can be screened by determining the protective activity of AOP-1 
against the deactivation of a monitor enzyme by free radical injury. 

(7) Diagnostic methods, diagnostic agents and diagnostic kits 
[0099] AOP-1 gene was shown by us to have an expression level decreased with 
aggravation of various diseases. The extent of aggravation of chronic heart failure can be 
known by determining the expression level of AOP-1 gene using a biopsy sample of a 
patient. For example, the expression level of AOP-1 gene can be determined by isolating 
total RNA from 100 mg of a biopsy sample of a patient using ISOGEN (Nippon Gene) 
and treating it with DNase, then synthesizing cDNA, amplifying AOP-1 gene by PCR 
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using suitable primers and determining the strength of the band corresponding to AOP-1 
by gel electrophoresis. The expression of AOP-1 gene can also be assayed by any other 
techniques for assaying RNA or DNA such as the method described in Example 3, 
Northern hybridization or cDNA array techniques. 

[00100] As AOP-1 gene was shown by the present invention to be an improving factor 
of various diseases, it can be readily predicted that individuals having some variation in 
AOP-1 gene or a regulatory region thereof tend to be susceptible to such disease as 
chronic heart failure or aggravation in such disease if the function of AOP-1 is lowered or 
the gene expression level is decreased by the presence of such variation. Thus, risk factors 
can be diagnosed by testing these variations on the gene. Variations on the gene can be 
known by isolating DNA from a blood sample of a patient according to standard methods, 
determining the nucleotide sequence according to the method described in Examples 1-5 
and comparing it with the normal sequence. Once the relation between a variation and 
chronic heart failure has been clarified, the DNA chip or SSCP technique can be applied 
to detect only such a variation. 

[00101] Moreover, a biopsy sample of a patient affected with a disease accompanied by 
chronic heart failure can be used to know the extent of aggravation of chronic heart 
failure or said disease by determining the AOP-1 level in cardiac myocytes. Suitable assay 
methods include ELISA or RIA using antibodies against AOP-1, or HPLC or mass 
spectrometric assays. AOP-1 here may not be in a whole form but may be fragmented so 
far as it can be assayed. 

[00102] The present invention also include diagnostic agents or diagnostic kits for 
chronic heart failure comprising a means for determining the expression level of AOP-1 
gene or the production level of AOP-1 using the assay means as described above. 

(8) Non-human animals and cells or tissues transformed with AOP-1 gene 
[00103] Materials of the present invention can be identified by not only the methods as 
described above in the section (6) Screening methods, but also by using non-human 
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transgenic animals having chronic heart failure or other condition due to suppressed 
expression of AOP-1. Non-human host animals include small animals such as mouse, rat 
and rabbit as well as large animals such as dog, pig, sheep and catde and any other animals 
expressing the gene and showing the function or physiological action. Gene expression 
can be suppressed by introducing variation or deletion or the like into a transcriptional 
regulatory region of AOP-1 or any other means capable of suppressing gene expression. 
The production of AOP-1 can be suppressed by introducing DNA or RNA 
complementary to AOP-1 rnRNA or a gene encoding the complementary sequence or any 
other means capable of suppressing the production of AOP-1. Methods for deleting the 
gene include techniques using embryonic stem cells from knockout mice or any other 
systems for suppressing the expression of the gene. 

[00104] The following examples further illustrate the present invention without, however, 
limiting the invention thereto. 

EXAMPLES 

Example 1: Search for AOP-1 by protein two-dimensional electrophoresis of proteins 
1-1. Preparation of pathologic model rats of chronic heart failure and collection of left 
ventricular samples 

A. Dahl chronic heart failure model rats 

[00105] Dahl rats are Sprague-Dawley strain rats separated into salt- sensitive rats (Dahl- 
S) susceptible to hypertension and salt-resistant rats (Dahl-R) resistant to hypertension at 
the third generation of passage charged with an 8% high salt diet. Kihara et al. of Kyoto 
University show that Dahl-S rats charged with an 8% high salt diet from 6-weeks of age 
developed compensatory left ventricular hypertrophy, then left ventricular dilatation 
accompanied by contraction failure, i.e. uncompensated chronic heart failure, and finally 
died of pulmonary congestion (Am. J. Physiol, 1994 Vol. 267, H2471-2482). This model 
can be prepared without any special techniques and can cause chronic heart failure in a 
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short time, and also show clear separation between compensatory hypertrophy stage and 
uncompensated chronic heart failure stage in each individual, and also show a similar 
onset process to that of human hypertensive chronic heart failure. 

[00106] Male Dahl salt-sensitive rats (Dahl-S) (SHIMIZU LABORATORY SUPPLIES) 
were raised on an 8% high salt diet from 6 weeks of age, and the left ventricle was 
collected at cardiac hypertrophy stage (11 weeks of age) and chronic heart failure stage (14 
weeks of age). 

B. Preparation of abdominal aortostenotic rats (pressure overload model: a pressure 
overload-induced cardiac hypertrophy rat model or AOB) and collection of left 
ventricular samples 

[00107] Sprague-Dawley strain male rats at 9 weeks of age were used for experiments. 
After the rats were fixed in a prone position and abdominally incised under anesthesia by 
intraperitoneal administration of sodium pentobarbital (40 mg/kg), the abdominal aorta 
was exposed and dissected between the right and left renal arteries. A 21 G needle was 
placed along the aorta and ligated with a silk suture together with the aorta between the 
right and left renal arteries, and then the needle was pulled out to form aortostenosis. In 
this model, the systolic blood pressure is raised by such abdominal aortostenosis, thus 
increasing the afterload of the heart to induce left ventricular hypertrophy. A sham 
operation group (sham) underwent dissection of the abdominal aorta alone. 
[00108] The systolic blood pressures at 3 and 17 months after intervention showed 
higher values than normal, i.e. 232 mmHg and 188 mmHg, respectively, due to 
arteriostenosis. At month 3, a significant increase in heart weight/body weight ratio was 
observed and the fractional shortening (FS) indicative of heart function decreased to 26% 
in rats at month 17 from 52% at month 3. Thus, the left ventricle was collected from 
both stenotic and sham groups at 3 and 17 months after stenosis formation as samples of 
compensatory hypertrophy stage and uncompensated chronic heart failure stage, 
respectively. 
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C. Preparation of abdominal arteriovenous shunt rats (volume overload model: a volume 
overload-induced cardiac hypertrophy rat model or ACS) and collection of left ventricular 
samples 

[00109] Sprague-Dawley strain male rats at 9 weeks of age were used for experiments. 
After the rats were fixed in a prone position and abdominally incised under anesthesia by 
intraperitoneal administration of sodium pentobarbital (40 mg/kg), the abdominal aorta 
and cava were exposed and the bloodstream was stopped by clamping at the aortic 
bifurcations to the renal artery and the femoral artery. An 1 8G needle was inserted into 
the aorta at the clamped sites to penetrate into the cava, thereby forming an arteriovenous 
shunt. The needle was pulled out and the wound in the aorta was closed with a surgical 
adhesive and the clamps were removed. After confirming that arterial blood flows into 
the vein in the shunt, the abdomen was closed. In this model, the formation of such an 
abdominal arteriovenous shunt induces an increase in venous pressure, and therefore an 
increase in cardiac preload to successively impose overload on the right atrium, right 
ventricle, left atrium and left ventricle, leading to hypertrophy. Moreover, low compliance 
in the venous system causes blood retention to induce pulmonary congestion. A sham 
operation group (sham) underwent dissection of the abdominal aorta and cava alone. 
[00110] Heart function was determined by echocardiography at 3 and 1 1 months after 
intervention, and then the animals were dissected to test the heart weight and autopsy 
findings. Rats at 11 months as compared with 3 months after intervention showed 
decreased hematocrit levels and pulmonary edema in every case, suggesting advanced 
volume overload. The right heart system showed an increase in heart weight/body weight 
ratio or lung weight/body weight ratio, suggesting edema in the region from the right 
ventricle to the lung. The FS decreased from 57% to 31%. Therefore, the left ventricle 
was collected from both shunt and sham groups at 3 and 1 1 months after shunting as 
samples of compensatory stage and uncompensated chronic heart failure stage, 
respectively. 
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D. Preparation of spontaneously hypertensive rats (pressure overload model) and 
collection of left ventricular samples 

[00111] SHR rats known as spontaneously hypertensive rats were raised and measured 
for blood pressure and echocardiogram over time. SHR at 3 months of age showed 
higher blood pressure and heart weight/body weight ratio than normal and suffered from 
cardiac hypertrophy due to hypertension. Animals at 19 months of age had appearances 
such as piloerection and squatting as well as lowered FS from 56% to 32% and lowered 
systolic blood pressure, and suffered from chronic heart failure. Symptoms such as 
pleural fluid and edema were also found. The left ventricle was collected by dissection at 
each stage. 

E. Preparation of model rats of heart failure following myocardial infarction and 
collection of left ventricular samples 

[00112] Sprague-Dawley (SD) rats at a body weight of 180 g - 200 g were used to ligate 
the coronary artery. Four weeks after ligation, the heart function was evaluated, and after 
the heart was isolated, the lung and the heart (right and left ventricles and lung) were 
weighed. As for the heart function, the end-diastolic pressure and the maximum systolic 
pressure were determined. In the present model, the vehicle group showed a 3.1 -fold 
increase as compared with the sham group in the end-diastolic pressure, which increases 
as heart failure becomes worse. The vehicle group showed a 29% decrease as compared 
with the sham group in the maximum systolic pressure. In the present model, the vehicle 
group showed a 2.2-fold increase as compared with the sham group in the ratio of the 
weight of the right ventricle to the body weight, which increases as the heart enlarges. In 
the present model, the vehicle group showed a 2.3-fold increase as compared with the 
sham group in the weight of the lung, which increases by congestion as heart function 
deteriorates. Thus, the present model seems to be a typical heart failure model leading to 
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heart failure via the compensatory stage induced by cardiac hypertrophy following 
myocardial infarction. 

[00113] The left ventricular non-infarcted region was collected by dissection. 
1-2. Preparation of protein samples 

[00114] To 1 /4 of the amount of the rat heart was added 1 ml of homogenizing buffer 1 
(20 mM Tris HC1, pH 7.4, 1 mM EDTA, 1 mM EGTA, 1 mM PMSF). The tissue was 
disrupted with a homogenizer and then further sonicated. The supernatant from 
centrifugation was collected as a soluble protein fraction. The precipitate was washed 
with the same homogenizing buffer, and then remixed with homogenizing buffer 2 
(homogenizing buffer 1 + 2% triton XI 00) in the same volume as that of the precipitate 
and the supernatant after centrifugation was collected as a protein fraction from 
membrane protein-membrane interaction. 

1-3. Protein assay 

[00115] A protein assay kit from Pierce based on a simplified BCA was used, in which 
peptide bonds in proteins chelate divalent copper ions and react with bicinchoninic acid 
(BCA) to form a purple complex. The bovine serum albumin included in the kit was used 
as a standard protein. 

1 -4. Two-dimensional electrophoresis 
A. One-dimensional electrophoresis 

[00116] Each protein fraction in an amount equivalent to 125-750 |Ig was suspended in a 
sample buffer (8 M Urea, 0.5% Triton X-100, 10 mM DTT, Orange G trace) to swell a 
dry gel (Immobiline Drystrip from Pharmacia Biotech). Multiphor II from Pharmacia 
Biotech was used for migration according to the manufacturer s standard protocol. After 
migration, the gel was stored at -20°C for a maximum of 1 week and supplied for two- 
dimensional electrophoresis as needed. 
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B. Two-dimensional electrophoresis 

[00117] The gel was pretreated with an equilibrating buffer (50 mM Tris-HCL, 6 M Urea, 
30% glycerol, 1% SDS), and then placed on a polyacrylamide gel. The gel was run using 
an electrophoresis apparatus from Biorad. Immediately after migration, the protein was 
immobilized in the gel and simultaneously silver-stained to give a two-dimensional 
electrophoretogram. 

1-5. Comparative analysis of protein expression 

[00118] The same sample was subjected to at least 2 runs of electrophoresis to pick up 
proteins showing reproducible expression changes in at least 2 individuals within a group 
in each model. Among the proteins thus pick up, those showing common changes in 
many models were taken as chronic heart failure-related proteins. Among them, the 
protein spots identified as AOP-1 in Example 1-6 below were quantified and shown in the 
graph of FIG. 1. In FIG. 1, Dahl, AOB, ACS and SHR represent the pathologic model 
rats of chronic heart failure prepared in 1-1. A to D above. 

1 -6. Identification of the protein 

A. Recovery of the protein of interest from polyacrylamide gel 

[00119] Gel fractions were washed with a suitable buffer to remove SDS. The gel was 
permeated with trypsin (PROMEGA) so that the protein of interest was digested in the 
gel and thereby fragmented and eluted from the gel network. 

B. Identification of AOP-1 by mass spectrometry 

[00120] The fragments of the protein of interest obtained in A above were analyzed as a 
mixture using a mass spectrometer from MicroMass (electrospray ionization time-of flight 
mass spectrometer) to give mass data of the fragments of the protein of interest. Some 
fragments were further irradiated with helium gas to cleave peptide bonds to give the 
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internal sequence of the protein fragments N'[H(I/L)SVNDL] C and mass data (parent 
ion 1206.6, daughter ions 1069.481, 956.428, 869.418, 770.379, 656.336, 541.324, 428.244). 
Based on these data, AOP-1 was identified after searches through genetic sequence 
database available on the Internet (SwissProt Accession No. P20108: SEQ ID NO: 6). 



Example 2: Analysis of the expression of AOP-1 gene 

The left ventricles obtained by the procedure described in Example 1-1, A to D 
were used as samples. 

[00121] Total RNA was prepared from each left ventricle using ISOGEN (Nippon 
Gene) as instructed by the manufacturer and treated with DNase. TaqMan® Reverse 
Transcription Reagents (PE Applied Biosystems) were used to synthesize cDNA from 
1 JLtg each of the total RNA treated with DNase in 50 |ll of the reaction solution. Gene 
expression was analyzed by a real-time PCR assay system using ABI PRISM 7700 (PE 
Applied Biosystems). The primers for detecting AOP-1 and the TaqMan probe were 
designed on the basis of the nucleotide sequence of mouse AOP-1 cDNA using a primer 
design software ABI PRISM Primer Express. Forward primer 
5TGCAGTTTCAGTGGATTCCCA3 > (SEQ ID NO: 7), reverse primer 
5'TTCATGTGGCCCAAACCA3' (SEQ ID NO: 8), TaqMan probe 
5TCTTGCCTGGATCAACACACCAAGAAAG3' (SEQ ID NO: 9). 
[00122] Real-time PCR assay reaction was performed with 1 fll of said cDNA as a 
template in 40 JLLl of the reaction solution using TaqMan® Universal PCR Master Mix (PE 
Applied Biosystems) as instructed by the manufacturer. The expression level of GAPDH 
was analyzed by the same procedure and used as an internal standard. GAPDH forward 
primer 5TGCACCACCAACTGCTTAG3' (SEQ ID NO: 24), reverse primer 
5'GGATGCAGGGATGATGTTC3' (SEQ ID NO: 25), TaqMan probe 
5'CAGAAGACTGTGGATGGCCCCTC3 > (SEQ ID NO: 26). GAPDH is one of 
constitutive proteins and commonly used as an internal standard. The analytic results 
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were shown in FIG. 2. The results showed decreased expression of AOP-1 gene with the 
progress of the pathology of chronic heart failure in all the models. 

Example 3: Analysis of the expression of TSA (PRx2), CuZn-SOD, Mn-SOD and catalase 
genes 

The left ventricles obtained by the procedure described in Example 1-1, E were 
used as samples. 

[00123] Total RNA was prepared from each left ventricle using ISOGEN (Nippon 
Gene) as instructed by the manufacturer and treated with DNase. TaqMan® Reverse 
Transcription Reagents (PE Applied Biosystems) were used to synthesize cDNA from 
1 fig each of the total RNA treated with DNase in 50 |Lll of the reaction solution. Gene 
expression was analyzed by a real-time PCR assay system using ABI PRISM 7700 (PE 
Applied Biosystems). The primers for detection and the TaqMan probes were designed 
on the basis of the nucleotide sequences of rat TSA, CuZn-SOD, Mn-SOD and catalase 
cDNA using a primer design software ABI PRISM Primer Express. Rat TSA forward 
primer 5'CCCTCTGCTTGCTGATGTGACT3 > (SEQ ID NO: 10), reverse primer 
S'CCTGTAAGCGATGCCCTCATS' (SEQ ID NO: 11), TaqMan probe 
5AGCTTGTCCCAGAATTACGGCGTGTTGAA3' (SEQ ID NO: 12). CuZn-SOD 
forward primer 5'GCGGATGAAGAGAGGCATG3' (SEQ ID NO: 13), reverse primer 
5'GCCACACCGTCCTTTCCA3' (SEQ ID NO: 14), TaqMan probe 
5TGGAGACCTGGGCAATGTGGCTG3' (SEQ ID NO: 15). Catalase forward primer 
5 , ACGGGTGCTCAGCCTCC3' (SEQ ID NO: 16), reverse primer 
5'AGGCTTGTGCCCTGCTTC3' (SEQ ID NO: 17), TaqMan probe 
5'CAGCCTGCACTGAGGAGATCCCTCA3' (SEQ ID NO: 18). Mn-SOD forward 
primer 5 > TTACAGATTGCCGCCTGCTC3 > (SEQ ID NO: 21), reverse primer 
5 'CCA GC A GTGG AATAA GGC CT3 ' (SEQ ID NO: 22), TaqMan probe 
5 > AATCACGACCCACTGCAAGGAACCA3'(SEQ ID NO: 23). 
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[00124] Real-time PCR assay reaction was performed with 1 |ll of said cDNA as a 
template in 40 jll of the reaction solution using TaqMan® Universal PCR Master Mix (PE 
Applied Biosystems) as instructed by the manufacturer. The expression level of GAPDH 
was analyzed by the same procedure and used as an internal standard. The analytic results 
were shown in FIG. 3. The results showed a significant decrease (p=0.05) in the 
expression of AOP-1 gene in the vehicle group as compared with the sham group but no 
change in the expression of TSA, CuZn-SOD, Mn-SOD and catalase genes. 

Example 4: Cloning of rat AOP-1 cDNA 
4-1. Cloning of a rat AOP-1 PCR fragment 

[00125] PCR was performed using the cDNA prepared in Example 2 as a template 
together with forward primer 5'AACCGCGGTCGTGGCTCTTGCGTTCTCT3' (SEQ 
ID NO: 19) and reverse primer S'GCGCTAGCTTATTGATGGACCTTCTCAAAGS 1 
(SEQ ID NO: 20) and the amplification product was TA cloned into a PCR II vector 
(Invitrogen). 

4- 2. Sequencing 

[00126] The nucleotide sequences were determined by analysis on an automatic DNA 
sequencer model 373A (PE Applied Biosystems) using THERMO Sequenase™ II dye 
terminator cycle sequencing kit (Amersham Pharmacia). The resulting genetic sequences 
were compared with GenBank databanks to reveal that one of the clones (pFHl) was a 
gene identical with rat AOP-1 (GenBank Accession No. AF106944: SEQ ID NO: 2). 

Example 5: Construction of a modified adenovirus vector for expressing AOP-1 

5- 1. Construction of a cosmid 

[00127] The construction of a modified adenovirus vector was performed using an 
Adenovirus Expression Vector Kit from TAKARA SHUZO. An SacII-Nhel fragment 
containing AOP-1 gene was excised from pFHl constructed in Example 4, and cloned 
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into pQBI25 (TAKARA SHUZO). Then, the GFP gene was deleted by Nhel and 
BamHI to construct an AOP-1 expression unit having AOP-1 gene downstream of a 
CMV promoter and a polyA signal from bovine growth hormone downstream thereof. 
This expression unit was excised with Bglll and Dralll and blunt-ended using a DNA 
Blunting Kit (TAKARA SHUZO) and cloned at the Swal site of the cosmid pAxcw 
included in the Adenovirus Expression Vector Kit. 

5-2. Preparation and amplification of a modified adenovirus vector expressing AOP-1 using 
293 ceUs 

[00128] The cosmid described above and the DNA-TPC included in the Adenovirus 
Expression Vector Kit were co-transfected into 293 cells (Bio Whittaker). In 293 cells, 
the AOP-1 cosmid and the DNA-TPC are homologously recombined to construct a 
modified adenovirus vector for expressing AOP-1, which multiplies as a virus through the 
aid of the El protein steadily expressed by 293 cells. Thus prepared modified adenovirus 
vector expressing AOP-1 lacks the El gene so that it can multiply only in cells artificially 
transformed to constitutively express the El gene (e.g. 293 cells). 

5-3. Titration of the modified adenovirus vector for expressing AOP-1 
[00129] The titration of the modified adenovirus vector for expressing AOP-1 
constructed in Example 5-2 was performed according to the protocol as instructed with 
the Adenovirus Expression Vector Kit. 

Example 6: Preparation of rat cultured cardiac myocytes and transfection of AOP-1 gene 
[00130] Newborn rats at 1-3 days after birth were decapitated under ether anesthesia, and 
then the heart was removed. The ventricles were isolated and digested with a collagenase 
(Worthington Biomedical Corporation) to disperse cells. The cells were separated into 
cardiac myocytes and non-cardiac myocytes by density gradient centrifugation using 
Percoll (Amersham Pharmacia Biotech). The collected cardiac myocytes were cultured on 
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a D-MEM (low glucose) medium from Nikken Biomedical Laboratory supplemented with 
fetal bovine serum at a final concentration of 10% (EQUITECH-BIO). The cells were 
infected with the modified adenovirus vector for expressing AOP-1 prepared in Example 
5 at 1.6 x 10 2 (M.O.I.) for 1 hour, and then washed twice with the medium. After 
cultivation for 24 hours, the cells were analyzed in Example 7. 

Example 7: Analysis of the response of trans fected cells to the stress of hypoxic 
culture/ reperfusion 

[00131] A modified adenovirus vector for expressing (3-galactosidase was prepared in the 
same manner as described in Example 5 and used for forced expression of (3-galactosidase 
to prepare control cells in the same manner as described in Example 6. These cells were 
also tested in the following experiment as a control group of forced expression of a 
protein which does neither harm nor good in a gene transfer system. The cells prepared 
in Example 6 by forced expression of AOP-1 and the control cells were cultured in a 
hypoxic culture system for 24 hours, then returned to a normal culture system at an 
atmospheric oxygen level and 5% carbon dioxide (reperfusion) for 72 hours. A normoxic 
control group was also prepared by cultivation at a normal oxygen level for 24 hours. The 
cells cultured under normal oxia, hypoxia and reperfusion after hypoxia were sampled and 
observed under a microscope. The number of viable cells and the number of 
autonomously pulsating cells were counted and statistically analyzed. Then, the cell 
viability and cellular metabolic activity were assayed using MTT reagent (Nacalai Tesque), 
which is reduced by succinate-tetrazolium reductase systems belonging to the 
mitochondrial respiratory chain. 

[00132] As a result, there was no difference in cell viability between the AOP-1 group 
and control group cultured under normal oxia, while the AOP-1 group showed a 
significant increase in cell viability after cultivation under hypoxia for 24 hours and after 
further cultivation under reperfusion (FIG. 4). The AOP-1 group also showed a 
significant increase in the percentage of autonomously pulsating cells after cultivation 
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under hypoxia for 24 hours and further cultivation under reperfusion, (FIG. 5). In the 
MTT assay, the AOP-1 group also showed a significant increase in MTT-reducing activity 
after cultivation under hypoxia for 24 hours and further cultivation under reperfusion 
(FIG. 6). Especially, the cellular metabolic function was activated after cultivation under 
normal oxia, i.e. a non-toxic condition (FIG. 6), suggesting that AOP-1 can improve 
mitochondrial function. 

[00133] Generally, it is thought that the aerobic energy production system is replaced by 
the anaerobic energy production system in hypoxic cells to induce citric acid accumulation 
or the like, leading to intracellular acidification and intracellular energy depletion. This is 
because the anaerobic energy production system is more inefficient than the aerobic 
energy production system. During reperfusion, it is shown that active oxygen species are 
generated in mitochondria to cause cell injury via oxidation of proteins, DNA, cell 
membrane phospholipids or the like. The results in the present example demonstrated 
that AOP-1 eliminates these injuries in cardiac myocytes and has the activity of 
mamtaining normal cellular functions. 

[00134] As loss of blood flow to cardiac myocytes (ischemia) has been reported to be 
caused by decreased heart function or cardiac hypertrophy in not only ischemic chronic 
heart failure (chronic heart failure following myocardial infarction) but also chronic heart 
failure, a therapeutic drug for chronic heart failure may be provided by supplementing 
cardiac myocytes in chronic heart failure conditions with the present protein to protect 
the cardiac myocytes and further maintain the pulsating function. 

Example 8: Construction of a modified adenovirus vector for expressing antisense AOP-1 
[00135] AOP-1 gene was excised from the AOP-1 expression unit having AOP-1 gene 
downstream of a CMV promoter and a polyA signal from bovine growth hormone 
downstream thereof used in Example 5, and both fragments excised were blunt-ended 
using a DNA Blunting Kit (TAKARA SHUZO) and ligated again. The direction in which 
AOP-1 had been cloned was verified by sequencing. This expression unit was excised 
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with Bglll and Dralll and blunt-ended using a DNA Blunting Kit (TAKARA SHUZO) 
and cloned at the Swal site of the cosmid pAxcw included in the Adenovirus Expression 
Vector Kit. This was used to prepare a virus vector (adenovirus vector antisense AOP-1 
cosmid) in the same manner as described in Example 5. 

Example 9: Influence of forced expression of antisense AOP-1 gene on cultured cardiac 
myocytes 

[00136] In the same manner as described in Example 6, cells were prepared by forced 
expression of antisense AOP-1, AOP-1 and [3-galactosidase. After the transfected cells 
were cultured for 72 hours along with un trans fee ted cells, the cell viability and cellular 
metabolic activity were assayed using MTT reagent (Nacalai Tesque), which is reduced by 
succinate-tetrazolium reductase systems belonging to the mitochondrial respiratory chain. 
As a result, the production of reduced MTT reagent was significantly suppressed only in 
the cell group transfected with antisense AOP-1 (FIG. 7). Microscopic observation 
showed a significant decrease of the number of viable cells in the antisense AOP-1 group. 
Thus, the forced expression of antisense AOP-1 was found to adversely affect the viability 
of cultured cardiac myocytes. 

Example 10: Preparation of other pathologic models 

A. Preparation of a nephritis model 

[00137] Wistar strain female rats at 8 weeks of age were used. The left kidney was 
isolated under ether anesthesia. After one hour, nephritis was induced by intravenous 
administration of 500 |Xg/rat of anti-Thy-1 monoclonal antibody (1-22-3) (Acta Pathol. 
Jpn. 36:1191, 1986). The kidney was isolated at various instants (day 1, 4, 7, 14 and 28) 
after nephritis had been induced. 

B. Preparation of a septic shock (infectious hepatitis) model 
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[00138] The liver was isolated from three rats weighing 150-300 g at the same weeks of 
age 2 hours after intraperitoneal administration of 10 mg/kg of lipopoly saccharide. 

C. Preparation of a brain damage model 

[00139] Male Sic Wis tar rats (llw) were fixed in a stereotaxic apparatus under Nembutal 
anesthesia and the skull was exposed and then verified to be horizontal between bregma 
and lambda and a hole with a diameter of about 0.5 mm was drilled at 4.5 mm posterior 
and 2.7 mm lateral to bregma. Using a microsyringe, 0.6 |J,g of ibotenic acid was injected 
at a depth of 3.0 mm from bregma. After 72 hours, samples for sections were recovered 
for gene expression analysis. Ibotenic acid is a glutamate analog having specificity to 
NMDA receptors. Thus, ibotenic acid induces neuronal injury via excessive excitation of 
NMDA receptors of the two major mechanisms of glutamate injury. 

Example 11: Analysis of the expression of AOP-1 and other genes in other pathologic 
models 

[00140] Total RNA was prepared from the tissue of each organ obtained in Example 10 
above using ISOGEN (Nippon Gene) as instructed by the manufacturer and treated with 
DNase. TaqMan® Reverse Transcription Reagents (PE Applied Biosystems) were used 
to synthesize cDNA from 1 Jig each of the total RNA treated with DNase in 50 JLll of the 
reaction solution. Gene expression was analyzed by a real-time PCR assay system using 
ABI PRISM 7700 (PE Applied Biosystems). The primers for detecting AOP-1 and other 
genes and the TaqMan probe were designed on the basis of the nucleotide sequence of 
mouse AOP-1 cDNA using a primer design software ABI PRISM Primer Express. AOP- 
1 forward primer (SEQ ID NO: 7), reverse primer (SEQ ID NO: 8), TaqMan probe 
(SEQ ID NO: 9). TSA forward primer (SEQ ID NO: 10), reverse primer (SEQ ID NO: 
11), TaqMan probe (SEQ ID NO: 12). CuZn-SOD forward primer (SEQ ID NO: 13), 
reverse primer (SEQ ID NO: 14), TaqMan probe (SEQ ID NO: 15). Catalase forward 
primer (SEQ ID NO: 16), reverse primer (SEQ ID NO: 17), TaqMan probe (SEQ ID 
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NO: 18). Mn-SOD forward primer (SEQ ID NO: 19), reverse primer (SEQ ID NO: 20), 
TaqMan probe (SEQ ID NO: 21). 

[00141] Real-time PCR assay reaction was performed with 1 (ll of said cDNA as a 
template in 40 |ll of the reaction solution using TaqMan® Universal PCR Master Mix (PE 
Applied Biosystems) as instructed by the manufacturer. The expression level of GAPDH 
was analyzed by the same procedure and used as an internal standard. The analytic results 
were shown in FIG. 8a (nephritis model), FIG. 8b (brain damage model) and FIG. 9 
(infectious hepatitis model). The results showed decreased expression of AOP-1 gene 
with the progress of the pathology in the affected organ of each pathologic model. 

Example 12: Preparation of cultured fetal rat neurons 

[00142] Wistar strain rats on gestation days 18-20 were anesthetized with ether and then 
abdominally incised. The embryo was removed from the uterus and the brain was 
isolated from the embryo and stored in ice-cooled HBSS (Hanks for tissue culture 
"Nissui" (2) (Nissui Pharmaceutical) 9.8 g/1, NaHC0 3 0.35 g/1; filter sterilized). 
Immediately, the cerebrum was separated under a stereomicroscope and cells were 
dispersed with a proteolytic enzyme papain (Worthington). Neurons were collected and 
cultured on a D-MEM (high-glucose) medium from Nikken Biomedical Laboratory 
supplemented with horse serum at a final concentration of 10%. On day 4 after 
cultivation started, the semm-containing medium was added and the cells were cultured 
for further 3 days. After cultivation for a total of 7 days, the AOP-1 or [3-galactosidase 
adenovirus vector was trans fected. Cultivation was continued for 48 hours after 
transfection to induce stimulations such as glutamate injury or serum deprivation. 

Example 13: Detection of the protective effect of AOP-1 against glutamate injury in 
cultured neurons 

[00143] The cultured neurons prepared in Example 12 were transfected with AOP-1 
gene in the same manner as in Example 6. A control group of forced expression of (3- 
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galactosidase was used as a in the following experiment in the same manner as in Example 
7. The cultures were incubated with glutamate at final concentrations of 0, 100 and 500 
HM for 48 hours and then tested by the MTT assay. The ratio of the MTT value of the 
glutamate injury group to that of the non-glutamate group in each trans fected group was 
shown as neuroprotection rate in a graph (FIG. 10). In FIG. 10, MK-801 means (+)- 
dibenzocyclohepteneimine, which is an NMDA receptor antagonist shown to protect 
cultured neurons against glutamate injury (Eur J Pharmacol 1993 Vol. 248(4) 303-312). 
As shown in the figure, the AOP-1 transfected group showed a tendency to protect 
cultured neurons in the non MK-801 group as compared with the group transfected with 
P-galactosidase. Moreover, it showed a significant protective effect for cultured neurons 
in the MK-801 group as compared with the group transfected with P-galactosidase, 
indicating that AOP-1 has an additive effect on the protective effect of MK-801. Two 
types of glutamate injury have been found in neurons, i.e. calcium overload mediated by 
the NMDA receptors described above and intracellular cystine depletion mediated by the 
activation of cystine/glutamate antiporter (Neuroscience 1992 Vol. 48(4) 906-914). These 
results suggest that AOP-1 has a protective effect against both types of injury at the same 
time. 

Example 14: Detection of the neurite outgrowth promoting effect of AOP-1 on cultured 
neurons 

[00144] Cells with no glutamate added (10% FBS group), glutamate added (10% FBS 
group +100 JIM glutamate group) and serum deprived (0% FBS group) in Example 12 
were photographed (FIG. 11). 

[00145] The AOP-1 group consistendy showed neurite outgrowth promoting and 
protecting effects in the presence of various stimulations. 

Example 15: Comparison of the protective effects of AOP-1, TSA and CuZn-SOD on 
cultured cardiac myocytes 
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[00146] The rat TSA was obtained and sequenced by the procedure described in 
Example 4 (SEQ ID NO: 27). SEQ ID NO: 28 represents the protein sequence translated 
from SEQ ID NO: 27. CuZn-SOD represents a plasmid (pYSO200) containing human 
CuZn-SOD gene (SEQ ID NO: 29) described in the literature (FEBS letter 1990 Vol. 
20:269(1) 89-92) as obtained from the author. SEQ ID NO: 30 represents the protein 
sequence translated from SEQ ID NO: 29. The procedure described in Example 5 was 
applied to each gene to prepare a modified adenovirus vector for expressing TSA and a 
modified adenovirus vector for expressing CuZn-SOD. Cultured cardiac myocytes were 
prepared by the procedure described in Example 6 and transfected also by the procedure 
described in Example 6. Resistance to stress was analyzed as follows. 

1) Cell viability under hypoxia 

[00147] Cells cultured for 24 hours post- trans fection were exposed to hypoxia and 
further cultured for 24 hours. The cell viability was deterrnined by the MTT assay 
described in Example 7. Cells transfected with AOP-1, TSA and CuZn-SOD genes 
showed a significantly increased viability (p<0.01) as compared with control (cells 
transfected with P-galactosidase). Cells transfected with AOP-1 gene showed a 
significandy increased viability as compared with cells transfected with TSA and further 
showed a tendency to increase viability as compared with cells transfected with CuZn- 
SOD (FIG. 12a). 

2) Cell viability under hydrogen peroxide 

[00148] Cells cultured for 24 hours post-transfection were exposed to 0.1 and 1 mM 
hydrogen peroxide and further cultured for 24 hours. The cell viability was deterrnined by 
the MTT assay described in Example 7. Cells transfected with AOP-1 gene showed a 
significandy increased cell viability as compared with control (P<0.05). However, the 
groups transfected with TSA and CuZn-SOD showed a tendency to improve cell viability 
but not statistically significant (p<0.05) (FIG. 12b). 
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3) Cell viability under high-glucose culture condition 

[00149] Cells cultured for 24 hours post-transfection were exposed to 30 mM glucose 
(about 6- fold excess of normal level) and further cultured for 24 hours. The cell viability 
was determined by the MTT assay described in Example 7. Cells trans fected with AOP-1 
gene showed a significandy increased cell viability as compared with control (P<0.05). 
However, the group trans fected with CuZn-SOD showed a tendency to improve cell 
viability but not statistically significant. 

[00150] Cells trans fected with TSA gene showed no difference from control in viability 
(FIG. 12c). Cultivation on high glucose media is thought to closely mimic the 
hyperglycemic condition in diabetes, suggesting that AOP-1 may also be effective for 
complications associated therewith. 

Example 16: Protective effect of AOP-1 on the heart 

[00151] The rat heart was infected with the modified adenovirus vector for expressing 
AOP-1. In parallel, a sham group was prepared by infection with a diluent (saline) alone. 
The infection protocol was as described in the literature (Circulation 2001 Vol. 104 1424- 
1429). The animals were raised for 4-5 days post-infection, and then subjected to 
ischemic reperfusion experiments by the Langendorff s method. Under anesthesia with 
pentobarbital-Na (50 mg/kg, i.p.), heparin (500 U/kg) was administered via the tail vein. 
After the chest was open, the heart and lung were removed and a canula was inserted into 
the aorta, which was then perfused by the Langendorff s method (perfusion at a constant 
pressure of 70 mmHg). A latex balloon connected to a piezotransducer was inserted from 
the auricle of left atrium into the left ventricle to measure the left ventricular pressure. 
Water was charged into the balloon until the left ventricular end-diastolic pressure reached 
about 5 mmHg. The perfusion solution used was a modified Krebs-Henseleit bicarbonate 
buffer (in mM: NaCl 118, KC1 4.7, CaCl 2 1.25, MgS0 4 1.2, KH 2 P0 4 1.2, NaHC0 3 25.0, 
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glucose 1 1 .0). The right atrium was paced with a pacemaker at about 280 bpm to keep 
the heart rate constant. 

[00152] The perfusion solution was stopped for 35 minutes to induce ischemia and then 
perfusion was resumed to form ischemic reperfusion injury. The left ventricular pressure 
was measured before ischemia and 30 minutes after reperfusion to determine the heart 
function recovery factor. The time from the start of ischemia to ischemic rigidity was also 
determined. Ischemic rigidity is shown to highly correlate to ATP depletion in cardiac 
myocytes (J Mol Cell Cardiol 1996, Vol 28, 1045-1057). Necrotic myocardial cell levels 
were also compared by measuring lactate dehydrogenase (LDH) activity released into the 
heart perfusate (1-30 minutes post-reperfusion). 

[00153] The heart subjected to forced expression of AOP-1 showed significandy better 
function recovery during reperfusion as compared with the heart of the sham group 
subjected to simple transfection (FIG. 13a). The time from ischemia to ischemic rigidity 
was significantly extended in the heart subjected to forced expression of AOP-1 as 
compared with the control group (sham group) (FIG. 13b). This shows that AOP-1 
suppressed ATP decrease in cardiac myocytes during ischemia. After ischemic 
reperfusion, the LDH activity released into the heart perfusate was measured to show that 
LDH release was significandy suppressed in the AOP-1 group as compared with the 
control group (FIG. 13c). LDH release is a common marker protein correlated to cell 
injury /necrosis (Am J Physiol 2001, Vol. 280, H2313-2320). Thus, AOP-1 seems to have 
suppressed cell necrosis during reperfusion. This result showed that AOP-1 protects 
against both ischemic injury and reperfusion injury not only in cultured cells but also in 
vivo via novel mitochondrial activation in addition to antioxidation. 

Example 17: Protective effect of AOP-1 on the brain 

[00154] Using the protocol for preparing a brain damage model as described in Example 
10-c, 8.5 x 10 6 PFU of the modified adenovirus vector for expressing AOP-1 was injected 
into the brain's hippocampus. After 72 hours, ibotenic acid was injected into the same 
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site in the same manner as described in Example 10-c. A control group transfected with 
p-galactosidase gene was prepared and also treated with ibotenic acid. After 72 hours, 
samples for tissue sections were recovered, and after 12 days, samples for analyzing the 
peripheral benzodiazephine binding site (PTBBS) were recovered. The PTBBS analysis is 
a quantitative analysis of proliferation/ migration of glial cells based on the binding affinity 
to benzodiazephine. This is a common method for determining the so-called gliosis in 
which glial cells are activated by neuronal death to migrate /proliferate (Journal of 
Neuroimmunology 2000 Vol 1009 105-111, Brain Research 1991 Vol. 565 312-320). The 
samples for sections were used to prepare sections of 10 |im in thickness by freeze 
sectioning for Nissl staining as neuron-specific staining. The samples for PTBBS analysis 
were used by disrupting the hippocampus in a sealed tissue disrupter to prepare a tissue 
lysate. The protein level was determined by the method described in Example 1-3. The 
tissue lysate was mixed with tritiated benzodiazephine to perform a binding reaction at 
37°C for 1 hour. Then, the protein with tritiated benzodiazephine bound thereto was 
trapped in a glass fiber filter and unbound tritiated benzodiazephine was washed off. The 
radioactivity of the glass fiber filter was assayed. The PTBBS analysis showed that the 
AOP-1 gene transfected group significantly suppressed the proliferation/migration of glial 
cells as compared with the control group (P-galactosidase expression group) (FIG. 14a). 
Neuron-specific staining of tissue sections showed that neurons are qualitatively protected 
in the AOP-1 gene transfected group as compared with the control group (FIG. 14b). 
These analyses showed that AOP-1 has the effect of protecting cranial neurons. 

Example 18: Protective effect of AOP-1 on the kidney 

[00155] Thy-1 antibody was injected into one kidney isolated from Wister female rats at 7 
weeks of age. Immediately after injection of Thy-1 antibody, the adenovirus vector for 
forced expression of AOP-1 or P-galactosidase was intravenously injected to some 
animals. Infection of the adenovirus vector was performed at intervals of 1 week for a 
total of 3 times. After immunization with Thy-1, blood samples were collected on days 3, 
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7, 14 and 28 and assayed for blood urea nitrogen levels (BUN). After 28 days, tissues 
were collected and stained with PAS indicative of glycoproteins to give tissue images. 
One individual in the AOP-1 gene- trans fected group was shown by tissue image analysis 
to have an artificial etiology as compared with other individual findings in Thy-1 nephritis 
and rejected by a rejection test (Thompson) of the BUN assay on day 7 so that it was 
excluded from analyses. 

[00156] FIG. 15a shows changes in BUN levels with time. On day 7, there was a 
significant difference between the sham group (un trans fected group with Thy-1 nephritis 
not induced) and the vehicle group (untrans fected group with Thy-1 nephritis induced), 
but no significant difference was found between the vehicle group and the sham group at 
any other instants. The results on day 7 (FIG. 15b) show that the AOP-1 gene 
trans fected group has a significant protective effect as compared with the vehicle group. 
No significant difference was found between the AOP-1 trans fected group and the sham 
group. FIG. 15c shows typical tissue images. The vehicle group shows widespread 
atrophy of renal tubules in regions enclosed in boxes with few normal renal tubules, in 
contrast to the sham group showing no injury. The AOP-1 transfected group also shows 
atrophy of renal tubules in a region enclosed in a box but to a limited extent as compared 
with the vehicle group, with an overwhelming majority of renal tubules being normal. 
Glomeruli are shown in circles. The sham group shows widespread pigmentation (deep 
purple region marked with asterisk) as compared with the vehicle group. The AOP-1 
transfected group shows less pigmentation than the vehicle group. This pigmentation 
represents proliferation of renal mesangial cells. It has been shown that mesangial cells 
appear with glomerular injury (Lab. Invest. 1992 Vol. 66 485-497) and that excessive 
proliferation of mesangial cells induces functional disorder via glomerulosclerosis (Kidney 
international 1995 Vol. 48 111-117). Thus, the suppressed pigmentation or the 
suppressed proliferation of mesangial cells seems to result from the protection of renal 
function by AOP-1. These results demonstrate that AOP-1 has the ability to suppress 
renal disorder. 
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